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™riTlT RRFAKER INCLUDING OPERATING HANDLE HAVING ONE 
CIR OR MOR^PER^TING ARMS AND EXTENSION SPRINGS 

™n^.RFFFRENCE TO RELATED APPUgATONS 

This application is related to commonly assigned, concurrently filed: 

United States Patent Application Serial No. _/ > flled 

, 2003, entitled "Circuit Breaker Including Lock For Operating 



Mechanism Linkage" (Attorney Docket No. 02-EDP-278); 

United States Patent Application Serial No. _/ > filed 

? 2003, entitled "Circuit Breaker Including Frame Having Stop For 

Operating Mechanism Link" (Attorney Docket No. 02-EDP-280); 

United States Patent Application Serial No. _/ , fded 

t 2003, entitled "Circuit Breaker Including Lever For Snap Close 

Operation" (Attorney Docket No. 02-EDP-28 1 ); 

United States Patent Application Serial No. _/ fi' ed 

t 2 003, entitled "Circuit Breaker Including A Flexible Cantilever Lever 

For Snap Close Operation" (Attorney Docket No. 02-EDP-282); 

United States Patent Application Serial No. _/ , filed 

5 2003, entitled "Circuit Breaker Including Independent Link To 

20 C^afi^gHandle" (Attorney Docket No. 02-EDP-284); and 

United States Patent Application Serial No. _/ __, fil ed 

, 2003, entitled "Circuit Breaker Including Extension Spring(s) 
Bet^ OpTrating Mechanism Pivot And Operating Handle" (Docket No. 02-EDP- 
285). 

25 RACK GROUND OF THE INVENTION 

FiplH of the Invention 

This invention relates generally to circuit breakers and, more 
particularly, to circuit breakers of the electromagnetic type including an operating 
mechanism and an operating handle. 

30 Background Information 

Circuit breakers of the electromagnetic type are shown, for example, in 

U.S. Patent Nos. 3,329,913; and 4,151,386. 
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Such electromagnetic circuit breakers typically comprise a movable 
contact, which is mounted on a movable arm, and a fixed or stationary contact. An 
operating handle is coupled to the movable arm via a linkage mechanism, part of 
which comprises a collapsible toggle assembly. The movable and stationary contacts 
are operated between contacts "open" and contacts "closed" positions by pivoting the 
operating handle. The circuit breaker further comprises an electromagnetic device 
which, in response to one or more predetermined electrical conditions, collapses the 
toggle assembly to a broken state, in order to electrically trip "open" the separable 
movable and stationary contacts. 

A known magneto-hydraulic circuit breaker employs an early (i.e., 
relative to handle throw) toggle-on point. At the point where the operating 
mechanism toggles and the unbroken linkage mechanism begins to move, there is 
very little energy stored in the operating mechanism springs. As a result, the circuit 
breaker can be "teased" on, which causes undesirable and potentially damaging arcing 
to the separable contacts. 

"Slow make" is defined as the closing velocity of the circuit breaker 
separable contacts being directly dependent upon the closing speed of the operating 
handle. For a circuit breaker operating at relatively high voltages (e.g., 480 to 600 
VAC), this results in a greater tendency for the separable contacts to weld closed, and 
significantly reduces the number of switching operations in the operating life of the 
circuit breaker. 

U.S. Patent Application Serial No. 10/185,858, filed June 27, 2002, 
discloses a circuit breaker including a pivot lever having a first arm with a first end 
adapted for engagement with a movable contact arm, and a second arm having a 
second end adapted for engagement with an operating handle assembly. The first end 
of the pivot lever carries a U-shaped hook member pivotally disposed thereon. The 
hook member has a J-shaped hook, which is adapted for engagement with the 
movable contact arm, and a J-shaped pivot end, which is pivotally mounted in an 
opening of the first arm. In order to eliminate the dependency between the movable 
contact arm and the operating handle assembly, the J-shaped hook initially hooks the 
movable contact arm. The pivot end of the hook member is inserted into the first or 
free end of the pivot lever. The pivot lever pivots about a pin and translates the hook 
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mem ber and the movable contact ann movement up to the operating handle assembly. 
The second or handle end of the pivot lever interacts with a blocking disk of the 
operating handle assembly, which disk rotates about the same center as the operating 
handle, but is allowed independent movement. 

There is room for improvement in circuit breakers. 

S UMM ARY OF THE INVE NTION 
These needs and others are met by the present invention, which 
proves an integrated extension spnng holder in the operating handle. The operating 
handle is preferably extended to hold two extension springs, which load a pivot for 
the operating mechanism linkage, in order to provide a snap close or fast make act,, 
The operating handle preferably includes two elongated arms, which extend into the 
circuit breaker and hold the two extension springs. The extension springs are attached 
to the pivot and cause a snap close or fast make force on the operating mechanism 
linkage. 

As one aspect of the invention, a circuit breaker comprises: a case 
including an opening; separable contacts housed within the case; an operating 
mechanism for opening and closing the separable contacts, the operating mechanism 
including a pivot and at least one extension spring for moving the operating 
mechanism to close the separable contacts; and an operating handle for operating the 
operating mechanism, the operating handle including a first portion extending through 
the opening of the case and a second portion having at least one arm within the case, 
the at least one extension spring extending between the at least one arm and the pivot. 

As another aspect of the invention, a circuit breaker composes: a case 
including an opening; separable contacts housed within the case, the separable 
25 contacts having a closed position and an open position; an operating mechanism for 
opening and closing the separable contacts, the operating mechanism including a 
pivot and a pair of extension springs for moving the operating mechanism to close the 
separable contacts; and an operating handle for operating the operating mechanism, 
the operating handle including a first portion extending through the opening of the 
case and a second portion having a pair of arms within the case, with each one of the 
extension springs extending between a corresponding one of the arms and the pivot, 
the operating mechanism further including pair of links having an unbroken state 
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one of the links pivoting about the pivot. 

L anchor .spec, of ,he invention, a Crcui, breaker eompnses: a case 
Ending an opening; separable co„ t ac, S housed within the case, the separable 
exacts bavins a Cosed poshion and an open position; an opera,,. ;— * 
opening and dosing the separable contacts, the operating mechamsm me ndrng firs, 
Z 1 a pan of , inks having an unbroken sta.e corresponding ,o foe Cosed posfoon 
o foe sepale con,ae,s and abroken s,a,e, w,,h one of ,he links ptvobng abon, ,he 

handle inelnding a firs, porfion extending throogh ,he opening of the ease, an 
onied second portion within the case, a second pivo, be,ween ,be firs, and second 

opposde ,he firs, portion; and means for moving ,he opera„ng mecb msm ,o Cose me 
Zabieeon.acsbvprovidingaforcebe.ween.heendport.onof.heoperadng 

handle and ,he first pivo, of the operating mechamsm. 

BRIFJDESCRinll^OFTHE^^ 
A Ml onders,anding of me invention can be gained from me following 
description of foe preferred embodiment when read in conjunction w„h foe 
~ S ::;:u:lile,rtCviewofaci rc o,,brea k eri„accordancewitb 



20 

the present invention. 

Figure 2 is a vertical elevation view of foe c,rcu„ breaker of F.gur. 1 
w ,fo one of foe ha lf -cases removed, foe operating mechamsm being shown ,„ foe open 

„ POSi "° n ' F,gnre 3 is a partial vertical elevation view similar ,o foa, shown in foe 

position toward the closed position. 

Figure 4 is a partial verrica, eievation view sim.lar ,o foa, shown m 
F, g ore 3, bo, with foe frame being partiaily cm away and foe operating handle bemg 
30 m!ved relativCy former ,oward foe Cosed pos.tion as shown pr,or ,o foe closed 
position of the operating mechanism. 
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Fl gure 5 is a partial vertical elevation view similar to that shown in 
Figure 4 but with the operating mechanism being shown in the closed position. 

Figure 6 is a partial vertical elevation view similar to that shown in 
Figure 5, but with the operating mechanism being shown in the tripped position. 
5 ~ Figure 7 is an isometric view of the operating handle of Figure 2. 

Figure 8 is an isometric view similar to that shown in Figure 7, but 
with the operating handle being reversed to show the surface facing the half-case, and 
with the frame/handle pin being exploded for clarity of illustration. 

Figure 9 is an exploded isometric view of an operating handle in 
10 accordance with another embodiment of the invention. 

Figure 10 is a vertical elevation view of the operating mechanism of 

Figure 1 1 is an isometric view of the independent handle link of Figure 

Figure 12 is a partial vertical elevation view similar to that shown in 
Figure 4, but showing the frame and one of the handle extension springs. 

Figure 1 3 is a partial vertical elevation view similar to that shown in 
Figure 12, but with the operating mechanism being shown in the closed position. 
Figure 14 is an isometric view of the lock of Figure 5. 
Figure 15 is an isometric view similar to that shown in Figure 14, but 
with the lock being rotated to show the latch surface. 

Figure 16 is an isometric view of the operating mechanism of Figure 3. 
Figure 17 is a vertical side elevation view of the operating mechanism 

Figure 1 8 is an exploded isometric view of the linkage and lock of 



Figure 3. 
2. 



of Figure 16. 
Figure 5. 



Figure 19 is an exploded isometric view similar to that shown in Figure 
1 8 but with the lock being moved through the cutout of the U-link. 

Figure 20 is an isometric view of the linkage and lock of Figure 5 with 

30 part of the U-link cut away. 

Figure 21 is an isometric view of the lock bias spring of Figure 5. 
Figure 22 is an isometric view of the frame of Figure 2. 
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Figure 23 is an isometric view similar to that shown in Figure 22, but 
with the frame being rotated to show the stop surface. 

Figure 24 is an isometric view of a U-link in accordance with another 

embodiment of the invention. 

Figure 25 is a partial vertical elevation view of an operating 
m echanism sfrnilar to that of Figure 5, but including the U-link of Figure 24, with the 
operating handle being moved from the closed position toward the open position as 

shown prior to the open position. 

Figure 26 is a partial vertical elevation view similar to that shown in 
Figure 25, but with the operating mechanism being shown in the open position. 

Figure 27 is an isometric view of the snap lever of Figure 2. 

Figure 28 is an isometric view of the operating mechanism of Figure 
25, but with the operating mechanism being shown in the open position. 

Figure 29 is an isometric view of an independent handle link in 
accordance with another embodiment of the invention. 

Figure 30 is a partial vertical elevation view of an operating 
mechanism similar to that of Figure 3, but including the independent handle link of 
Figure 29, with the operating handle being moved from the open position toward the 
closed position. 

Figure 31 is a partial vertical elevation view similar to that shown in 
Figure 30, but with the operating mechanism being shown in the closed position. 

Figure 32 is a partial vertical elevation view similar to that shown in 
Figure 3 1 , but with the operating handle being moved from the closed position toward 

the open position. 

j^p^^pjpTinN OF THE PREFERRED EMBODIMENTS 
The invention will be described as applied to a circuit breaker for use 
in direct current (DC) telecommunication systems (e.g., 60 VDC). It will become 
evident that the invention is applicable to other types of circuit breakers including 
those used in alternating current (AC) systems operating at various frequencies; to 
30 relatively smaller or larger circuit breakers, such as subminiature or miniature circuit 
breakers; and to a wide range of circuit breaker applications, such as, for example, 
residential, commercial, industrial, aerospace, and automotive. As further non- 
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limiting examples, both AC (e.g., 120, 220, 480-600 VAC) operation at a wide range 
of frequencies (e.g., 50, 60, 120, 400 Hz) and DC operation (e.g., 42, 60 VDC) are 
possible. 

Referring to Figures 1 -6, a circuit breaker 1 0 includes two approximate 
5 half-cases 12,14 forming a main cavity 16 (Figure 2) of a case 18. The two half-cases 
12,14 are secured together by suitable fasteners, such as rivets 20, which pass through 
holes 21 (Figure 2) in such half-cases. The main cavity 16 houses an operating 
mechanism or circuit breaker assembly 22 as shown in Figure 2. An example of a 
circuit breaker assembly is descnbed in U.S. Patent No. 3,329,91 3, which is 
1 0 incorporated by reference herein. 

The exemplary circuit breaker assembly 22 of Figures 2-6 and 10 
includes a movable contact 24 (shown in Figures 2, 6 and 10) carried by a movable 
contact arm 26 and engageable with a stationary contact 28, the latter carried by a 
load terminal 30 and fixed within the case 1 8 of Figure 1 . The movable arm 26 is 
15 electrically connected by a flexible conductor, such as braid 32, to one end of a coil 
34 forming part of an electromagnetic dev 1C e 36 (Figure 2). The other end of the coil 
34 is electrically connected by a flexible conductor, such as braid 35 or other suitable 

conductor, to a line terminal 37. 

The electromagnetic device 36, in response to one or more 
20 predetermined electrical conditions, collapses a linkage mechanism 38 to trip open 
separable contacts 40 (as shown in an open position in Figure 2 and in a closed 
position in Figure 31) formed by the contacts 24 and 28 housed within the case 18. 
The contacts 24,28 have a closed position (Figures 5 and 31), an open position (Figure 
2) and a tripped open position (Figure 6), which positions are determined by 
25 corresponding positions of the circuit breaker assembly 22. In the closed position, the 
electrical circuit of the circuit breaker 1 0 is completed through the line terminal 37, 
the braid 35, the coil 34, the braid 32, the movable contact arm 26, the movable 
contact 24, the fixed contact 28, and the load terminal 30. 

The collapsible linkage mechanism 38 is of the type that resets, or 
relatches, after the separable contacts 40 are tripped open and the operating handle 46 
(as best shown in Figures 7 and 8) is moved to the off or open position (Figure 2) by 
the user. The operating handle 46 has an open position (Figure 2) corresponding to 
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the open position of the separable contacts 40, a closed position (Figure 5) 
corresponding to the closed position of such separable contacts, and a tripped open 
position (Figure 6) corresponding to the tripped open position of such contacts. 

The movable arm 26 is biased by a main torsion spring 47 toward the 
5 open position (Figure 2) of the separable contacts 40. The movable arm 26 is 

pivotally mounted on a pin 48, which is carried within two openings 50 of a frame 52 
(as best shown in Figures 22 and 23). The end portions of the pin 48 extend into 
holes (not shown) formed in the opposed side walls of the half-cases 12 and 14 
(Figure 1) to properly locate and support the assembly 22 inside the case 18. Another 
10 pin 54 carried by the movable arm 26, has end portions which engage stop surfaces 
56 (as best shown in Figure 23) of the frame 52, in order to limit the counterclockwise 
rotation (with respect to Figure 2) of the arm 26 in its open position. While not 
shown it is seen that the stop mechanism provided by the surfaces 56 of Figure 2 
could be formed by projections extending inwardly, for example, from one or both of 

15 the half-cases 12,14. 

The movable arm 26 is also connected by a U-link/movable contact 
arm pin 58 to the linkage mechanism 38, which includes a linkage or collapsible 
toggle assembly 60 (Figure 18) having a first link or toggle catch link 62 (Figures 2 
and 1 8) and a second link or U-link 64 (Figures 2 and 1 8). As shown in Figure 1 8, 
20 the U-link 64 has a pair of parallel legs 65, one of which is shown in Figure 2. The 
linkage mechanism 38 also includes a third link, such as one or two independent 
handle links 66 (as best shown in Figures 1 1 and 1 6). The catch link 62 is pivotally 
connected to the independent handle links 66 by a link/spring pin 68 or first pivot 69 
(Figure 4). The opposite ends of the links 66 are pivotally connected by a pin 70 or 
25 second pivot 71 (Figure 4), which is carried within two openings 72 of the frame 52 
(as best shown in Figures 22 and 23). The end portions of the pin 70 extend into 
holes (not shown) formed in the opposed side walls of the half-cases 12 and 14 
(Figure 1) to properly locate and support the links 66 and the operating handle 46 
inside the case 1 8. The pair of links 62,64 has an unbroken state (Figure 5) 
30 corresponding to the closed position of the separable contacts 40 and a broken state 
(as shown after being substantially reset by the reset lever 92 of Figure 6) 
corresponding to the tripped open position of such contacts. 
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The link/spring pin 68 pivo.ally connects .he pair of independent 

springs 116,118 (Ftgure 16) are suitably altached (,,., by ^ 
,o Figure 16) end pori.ons wrapped around corresponding ends of the pin 68) . 

— *■ ^ »™ ,o Figure ,6) end port,on ; l 

extension spnngs 1 16,1 1 8 are suitably attached to «.g. , by being wrapped around, 
end portions ,24,126 of the two elongated arms 120,122, respectrvely, of .he 
operating hand,^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

68 and is pivotaUy ntoun.ed .o .he U-,ink 64 by a ea.chiU-.ink faster ,72 (Ftgure 
, S) a, the other end of the catch ft* 62. The pin 58 provides a thtrd ptv 59 be.ween 
J m ovab,e con,c. anu 26 and ,he ,egs 65 of .he U-Hnk 64. The hnks 66 are 
piv „,aUy mounted to .he firs, pivo. pin 68 a, one end of such links 66 and are 
pivolaUy mounted ,o .he p.n 70 for the operating handle 46 of .he operahng 
mechanL 22 a. the other end of such links 66. ,n .he exemplary embod.menl, .he 
ooeratins handle 46 also pivots about the pin 70. 
' A s shown in Figure 8, a spnng 74 is eo.led abou. .he pin 70 (shown ,n 

phanrom line drawing) of F.gure 2 and has one end biased by .he frame 52 

, The spring 74 is stressed a. all times in order ,0 bias .he handle 46 ,n the 

lllckwise direcdon (wuh respec. ,0 Ftgure 2) ,0 Ihe open position <c,rcn„ 
Z aker "off"). As shown in F.gure 2, the operating handle 46, which ,s employed ,o 

-„„ T7 „f Ihe case 1 8, a second or interna, portion 78 within 
extending through an opening 77 ot the case i a, a 

extern, g w 7Q (Fi _ ure 7Uor , he pivot pin 70 between the portions 

5 the case 18, and an opening 79 (Figure /) ror me p v 

76 78 As the pivotable handle 46 is moved from the open position (Figure to 
tos ed posUton (Figure 5), the toggle assembly 60 and the movah.e arm 26 a move 
aown (with respect to Figure 2), agains, the bias of the spring 47, and move th 
movable coma. 24 into engagement with the fixed eontac. 28 ach.eving the closed 
,0 (circuit breaker "on") position as shown in Figure 5. 

After tripping of the linkage mechanism 38 in response to an overload 
for example, me handle spring 74 automatically moves the hand.e 46 from the closed 
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posn.on of Ftgure 5, .oward .he open position of Figure 2, and «„ the ^ ° » 

46 is manuafty moved fro m ,he .npped open posi.ton ,o the open posttton or tf 
sniiabie spring foree exisis in .he spring (no. shown) of .he openaPng handle 46 ftte 
5 toggle assembly 60 is reached (as disused below in connection w,.h .he 

or .ever 92 of Figure 2). AUhough .he hand.e .ripped open posi.ion of F.gure 6 ,s 
abnos, .he same as .he hand(e off position of Figure 2, a differen. napped open 
Posi.ion( e .g.,een«ra 1 hand.eposi, i on)mayheemployed. Alternatively, wt«h 
:; ro pnL spring forees, .he trtpped open poshion is .he same as .he off po,.,on, and 
,0 no manual rn.erven.ion is needed .orda.eh.he toggle assemWy 60. 

Continuing to refer to Figure 2, a mo.or frame 80 forms a par, of .he 
electromagnetic device 36 .o wh.ch may be secured a „me delay mo.or babe 81 
ling aTpring biased magnetise core (no. shown) movable agatns, .he retandmg 
l„:faL,,h,e fl u,d(c,,o ll )(no.show„, t oprov 1 dea, 1 mede,aybefore«pp.ng 

15 of .he mechanism 22 on certain overloads. The operation of the e.ectromagrte.tc 
device 36 is specially se. forth in Pa.en. 3,329,913 and for purposes of brevrty 
wil, o„.y be generally descnbcd herein in connection with the present circut. breaker 

The electromagnetic device 36 includes a pivotable steel armabare 82 
20 and an arma.ure spring 83, which is disposed abon, an armabare -. W^ 
The armature 82 ptvo.s on .he amtature main spring pin 84 whose end porPons arc 
carried within suitable holes 85 (only one ho.c is shown) in .he frame 80. The 
armabare 82 ts b.ased c>ockw,se (with respect ,„ F.gure 2, by .he armabare sprmg 83 
w „„se end portions engage .he frame 80 and a portion of .he armabare 82. Upon the 
25 occurrence of a predetermined overioad condt.ion, such as one or more se.ec.ed 

conditions of enrten. ftow.ng .hnough .he separable con.aCs 40, assnmtng me ctrcu, 
breaker 1 0 .0 be in ,be closed postbon (Figure 5), .be artnabare 82 Is attracted toward 
a po,e ptece 86, Cher after a hme de,ay permd or virtual., ms.an.aneor.ly, 
dlpending on .he overioad conditio. The movement of .he armature 82 toward 
30 pc L piece 86 causes .he opposite* ex.ending .rip fmger 88, which ,s tntegra, „„„ *e 
armale 82, to p.vot counterclockwise (with respect to F.gures 2 and 6) and engage 
and pivot a motion translator or catch 89. 
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The motion translator 89 is the link between the armahtre 82, whieh is 
attr ac,ed to the pole piece 86, and the ,ock 90 (F.gures 14 and ,8-20, ~ion 
transl a,or 89 reverses the direction of rotation of .he amratnre 8 an acts 
90 .nordertonnla.ehandtnptheeircui.breaker .0. In parttcular, the ptvc able 

, ,. (with resnect to Figures 2 and 6) and engages, 
catch 89 responsively pivots elockw,se (w,th respect to Hgu 
pivots and tnps the lock 90 forming par, of the linkage mechamsm 38. In torn . he 
!„ g g,e assembly 60 collapses and the movable arm 26 moves opward under the 
the spring 47 to open the separable contacts 24,28 as shown in Ftgure 6 The 
"naUmotionofthetoggleassemh^O.stndependentoftheposinonofthe 

5 handle 46 which is then moved ,o the tripped open position of Ftgure 6. 

Sfll refemng to Figure 2, the operattng mechanism or circu,. breaker 

assembly 22 includes the movab.e contact arm 26, the haute 52, the operating handle 

v,™ 18 a reset cam or lever 92, a snap lever 94, the pa.r of 
46, the linkage mechanism 38, a reset cam o 

extenston spnngs 1 16,1 18 (Figure ,6), and a trip mechanism 98 fomaed by ft. 
15 lc,romagIe,,cdevice36. T.elock 90 of Utelinkage mechanism 38— £ 
broken state (Figure 20) of the links 62,64 in the Cosed posthon (Ftgur £ 
separable contacts 40. The lock 90 ptvots cou„,erc,ockw,se (wtth respect « **» 
Z in response to the dockwise (with respect to Ftgure 2) motion of the catch 89 of 
^mechanism 98. ,».utn,he lock 90 releases the 1* 62,64 to the broken state 

20 (F, " re6),her te,ec,roma^,edevice,6mr,her,„c,ude S abohh,n /s poo,,00, 

,he cod 34. An interna, tooth ,ock washer 1 02 holds the time dday motor tube 

with respect to the motor frame 80. 

The line and load terminals 37,30 firth, include threaded openmgs 
,03, whtch accept the threads ,04 of buUe, ,emtina,s ,06, which are secured in place 

^ " U,S A s is convenfiona,, an arc chute , 10 having a p.uraltty of parallel slots 

(not shown) is preferaMy employed to exfingmsh an arc extending between the 
30 contacts 24,28.^ ^ ^ ^ ^ ^ ^ ^ ^ 

contact arm pin 48, with one or more ,egs (only one >eg is shown) of ,he spnug 47 
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engagmg me frame 52 a, corresponds recesses . , > of F.gurc 22 and an .her 
(only*! Up is shown) of the spring 4, engagmg .he pin 54 in .he movable con. 
„26 .hereb y biasin g .he m ovab.ec„n.ac.arm26,oward.heopenpos,.,on„f.he 

sp n„g (no. shown), which is disposed abou. .he pin 54 in .he movable contact am, 26 
I lt boliegofsnchspn„ge„gag.ng,he m ovab 1 eco„,ac l an.2aand.heo,her,gof 

such spring engaging .he (Mb* 64, .hereby biasing rhe comae, ann 26 tow rd ,he 

, . m 09 : n orf ier to minimize contact bounce, 
closed position of the operatmg mechanism 22, m order torn. 

As best shown in Figure 16, the exemplary operattng ntechantsnt 22 
tamer includes .he pivot 69 formed by the pivot pin 68. The mtema. portion 78 of 
th e operafinghandle 46 includes the elongated artns 120..22 within .he case 18 of 
Figure 1 The two extension springs 116,118 ex.end between the end port.ons 
, 2 4,26of.hearms,20,.22,re S p«etively,and,hepivo.69. The end portions 
12 ;,26 are disposed on me ends of ,he respective elonga.ed arms ,20,122 opposde 
th e handle portion 76. Each of the extension springs 1,6,, 1 8 
sides of me U-Hnk 64 between a corresponding one of .he amts 120,122 of .he 
operahnghandle 46 and the firs, pivo, pin 68. AUhcugh .wo extension spnngs 
,« , 18 and two elongaled arms 120,122 are drselosed, one (e.g., me spnng ,16 or 
„g may be removed; the arm 120 or 122 may be removed), two or more sets of 
, suitable spnng and arm mechanisms may be employed, wi.b each one of .he one or 
more spring mechamsms exrendmg berween a conesponding arm meehan.sm and a 
pivo.. AKemafively, any suilablc spring, such as a .orsion spring or compress.on 

spring, may be employed. 

The extension springs 1 16,1 1 8 move the opera.ing mechamsm 22 to 
, 5 Cose the separable contacts 40 by providmg a suttable force he.w=en the end port.ons 
,24 ,26 of the opera.ing handle 46 and the pivo, 69 of the opera.ing meehan.sm 22. 
The'extension spnngs 1,6,118 ex.end as .he opera.ing handle 46 moves from fire 
open pos.fion (F.gure 2) .oward me Cosed position (Figures 5 and , 3) Ihereo (as bes, 
shown wi,h the spring , , 6 (only one spring is shown) in F.gure ,2), m order .o 
30 suilably load the links 62,64 of, he operafing mechamsm 22. 

The rese, cam or lever 92 of Figure 2 ,s pivotally moun.ed ,o the half- 
cases 12,14b, a pin ,28 and includes a firs, ann ,30 and a second ann ,32. In .he 
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exemplary embodiment, the lever 92 is a molded piece and the pin 128 is formed as 
two protrusions (only one protrusion is shown in Figure 2 for the half-case 14 of 
Figure 1) on either side, which protrusions pivot in recesses (not shown) m the half- 
cases 12 14 The arm 120 of the operating handle 46 engages a surface 131 of the 
first arm' 130 of the reset lever 92 as the operating handle 46 moves from the tripped 
open position (Figure 6) to the open position (Figure 2) thereof. The reset lever 92 
responsively pivots (clockwise with respect to Figure 2) and moves its second arm 
1 32 having a surface 1 33, which engages and pivots the catch link 62, in order to 
m ove the links 62,64 from the broken state (Figure 6) to the unbroken state (Figure 2) 
thereof With reference to Figures 5 and 6, a spring (not shown) biases the reset lever 
92 C ounterc.ockw 1S e (with respect to Figures 2, 5 and 6), in order to pivot the first arm 
130 and the surface 131 toward the arm 120 of the operating handle 46 in the tnpped 

open position thereof. 

Referring to Figures 7 and 8, one example of the operating handle 46, 
which is made of molded plastic, is shown. The first or handle portion 76 of the 
operating handle 46 has a first side 136, a second side 138, a generally cylindrical 
surface 140, the opening 79 passing between the first and second sides 136,138, a 
handle member 144 disposed on the generally cylindrical surface 140, and an opening 
145 to receive the upper (with respect to Figure 2) end of the links 66. The second 
portion 78 of the operating handle 46 includes the elongated first arm 120 disposed 
from the first side 136 and the elongated second arm 122 d.sposed from the second 
side 138. As best shown in Figure 16, the elongated first and second arms 120,122 
are disposed on opposite sides of the U-link 64. 

Figure 9 shows another operating handle 146 including a first portion 
148 which is made ofmolded plastic, and an elongated second portion 150havinga 
pair of elongated first and second arms 152,153, which are made of steel. The 
operating handle 146 functions in the same manner as the operating handle 46 of 
Figures 2-8. The molded portion 148 includes the opening 145 for the upper (with 
respect to Figure 2) end of the links 66 and a pair of recesses 154 (only one recess is 
0 sh own),inwhichcorrespondingmatingport 1 onsl55ofthearmsl52,153 aresuitably 

engaged (e.g., press fit). Although two exemplary operating handles 46,146 are 
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disclosed, a wide range of operating handles employing one or more arms and made 
of a wide range of materials may be employed. 

Referring to Figure 1 1, the independent handle link 66 of Figure 2 is 
shown. As shown in Figure 16, the operating mechanism 22 includes a pair of the 
parallel links 66, each of which has an opening 155 at one end for pivotal mounting 
by the pivot pin 68 to the upper end (with respect to Figure 16) of the catch link 62, 
and an opening 1 56 at the other end for pivotal mounting by the pivot pin 70 for the 

operating handle 46. 

Figures 1 4 and 1 5 show the lock 90 of Figure 2, with Figure 1 5 
showing a latch surface 1 58 which engages a mating surface 1 59 of the catch link 62 
of Figure 1 8. The lock 90 also includes a pair of ears 160,162, a protrusion 164, a 
pair of stop surfaces 166 and a trip surface 168. 

Referring to Figures 1 6 and 1 7, the operating mechanism 22 includes 
various pins and fasteners including: (1) the frame/handle pin 70, (2) a frame/snap 
lever pin 1 70, (3) the pin 54 in the movable contact arm 26, (4) the frame/movable 
contact arm pin 48, (5) the link/spring pin 68 for the independent handle links 66 and 
the catch link 62, (6) the catch/U-link fastener 172 (Figure 1 8), and (7) the U- 
link/movable contact arm pin 58. On the right side of Figure 17, the pin 58 is 
extended on that side for assembly purposes. The pins 70, 170 and 48 are mounted in 
corresponding openings (not shown) of the two half-cases 12,14 of Figure 1 . The pin 
54 provides an overtravel stop for the open position of the separable contacts 40. As 
best shown in Figure 1 7, the pin 54 is somewhat shorter in length than the pins 70, 
170 and 48. 

Figures 18-21 show the linkage mechanism 38 of Figure 2 including 
the linkage or collapsible toggle assembly 60 and the lock 90 of Figures 1 8-20, and a 
spring member, such as the exemplary lock bias wire form 180 of Figure 21. The 
toggle assembly 60 includes the toggle catch link 62, the U-link 64 having a base 1 82 
and the parallel legs 65, and the catch/U-link fastener 172. As shown in Figure 20, 
the lock 90 is pivotally mounted to and is substantially between the U-link legs 65. 
30 The catch link 62 is pivotally mounted by the catch/U-link fastener 1 72 between the 
U-link legs 65. The lock 90 is preferably made of a Zamak casting, although any. 
suitable material and manufacturing method may be employed. The catch link 62 and 
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u ctatP (V\eure 20) in the closed position (Figure 
the U-link 64 have a first or unbroken state (figure zuj in 

5) of .he operating mechanism 22, and a seeond or broken sra.e in the tripped open 
position of Figure 6. The ,ock 90 maintains the unbroken state in the Cosed posmon 
when its lateh surfaee 1 58 engages and ho,ds the mattng surfaee . 59 (Ftgure 18) of 
the eateh .ink 62. The catch 89 of the trip mechanism 98 of Figure 2 forms a member 
having a surface 1 84, which engages me ,np surface ,68 of the ,ock 90. In mm, the 
,ock 90 ptvots counterclockwise (wilb respeo, ,o Figures 1 8-20), .hereby causmg <he 
, a .ch surface 1 58 ,o release me ma.in g surface ,59 of .he ca.ch link 62, w .ch .Ceases 
.he .inks 62,64 .„ .he broken state in .he .ripped open position. The catch hnk 62 ts 
preferably made of a die cas. material and the U-link 64 is preferably made of 
stainless steel, although any sui.able materials may be employed. 

The U-link base 182 and legs 65 form a U-shape, with each of such 
,egs including a cu.ou. porrion , 86, a ptvo. portion . 88 and a slop portion ,90. As 
sequennahy shown by Figures 1 8, ,9 and 20, .he hack 90 passes through .he eg 
cut0 u. portions ,86 before each one of ,he ears ,60,,62 of me ,oek 90 pivo.al,y 
engages a corresponding one of .he ,egpivo, portions ,88 of .he U-,ink 64. 

As shown in Figures ,4 and 20, .he s.op surfaces ,66 of .he ,ock 90 are 
opposite the protrusion ,64, wuh each one of .he s,o P surfaces ,66 engaging .he 
desponding s.op port.on ,90 of ,he U-„nk ,egs 65. One of .he ,e g s 65 ,s cu away 
in Figure 20 ,o show .he manng surface , 59 of .he ca.ch hnk 62 engagmg ,he 
surface ,58 of me ,ock 90, in order ,o main.ain .he unbroken s.a,e of .he hnks 62,64 
,„ the Cosed position of .he operating mechan,sm 22. The surface ,84 of me hap 
catch 89 engages .he ,ock .rip surface ,68 (Figure ,8) to pivo. .he ,ock 90 abou he 
,egpivo, portions ,88 of .he U-link 64. This disengages .he lock latch surface , 58 
5 Z -he catch hnk mating surface , 59 and rCeases .he hnks 62,64 ,o .he broken state 

in the tripped open position. 

As shown in Figures 2 and 2, , the lock b,as wire form 180 mcludes a 
flrs, end ,96 and a second end ,98, which engages the ,ock 90 a, ahon. the pro.rus.on 

,0 ho,d such ,ock P ,vo,a„y in p.acebcween .he U-hnk ,cgs 65. TWs w.re form , 80 a, o 

180 is generahy disposed between Ore U-hnk ,egs 65 of Figure 18. A p.vo, ,99 , 
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form ed by «he Movable contact a™ pin 48. Tbe spnng firs, end ,96 engages 
,be pivo, .99 and .be spring seeond end ,98 engages ,he ,ock 90. Tbe spnng firs end 
, 96 includes a pair of ,egs 202,204. The U-link legs 65 include openings 206 (only 
one opening is shown), with eaeh of ,he spring legs 202,204 passing fhroogh a 
5 corresponding one of openings 206 and engaging the p.vo. ,99. 

The spring , 80 is preferably formed from a suitable w,re 2,0 mcludmg 
a firs, L-shaped poriion 2,2 formingfire firs, leg 202, a U-shape. portion 2,4 fonnmg 
,he spnng seeond end ,98, and a seeond L-shaped poriion 2,6 forming ,he seeond leg 
204 Each of .he firs, and second L-shaped portions 2, 2,2 , 6 has a leg pc«.on 
10 and a foot portion 220, with each of .he foo, portions 220 passing .hrougb a 

conceding one of.be openings 206 of.be U-hnk legs 65. The U«o aritoo 
214 has a base 222, which engages ,h. lock 90, and a,so has a pair of legs 224,226. 
Each of these legs 224,226 is coextensive with and forms a bend portion 228 w«h a 
conespond,ng one of fire legs 202,204 of ,he spring firs, end ,96. The bend port,o„s 
15 228 engage the pivot 199 of Figure 2. 

Referring ,o Figures 22, 23, 25 and 26, the frame 52 of F.gure 2 ,s 
shown The frame 52 is fixed,y disposed wnhin fire case , 8 and mdudes a ,ab or s,op 
230 a stop surface 232, abase 234, and two paraUe, sides 236,238. The,ab 230 
c„ g ges and steps movemen, of.be independen, handle links 66 in ,he closed postfion 
20 (Figure 5) as best shown in Figure 25. The ,ab 230 is auached te ,he base 234 and ,s 
disced be.„ee„ the parallel sides 236,238. The tab 230 has a firs, end 24 an a 
second end 242, with ,he firs, end 240 benrg d.sposed from the base 234 and between 
the parallel s,des 236,238, and the second end 242 enga»„g and ^ 
of.be independen, handle links 66 in ,he Cosed position. The second end 242 has 
25 step surface 232, which is parallel ,0 fire base 234, and which engages and steps 
movemen, of ft. independen, hand.e finks 66 in ,he closed posi.ion. The frame 52 
further .ncludes ,he openings 50 for fire pivo, ,99 and fire openings 72 for the p.vo, 
of Figure 2, wfib fire movab.e con.ac, amr 26 bemg pivo,a„y moun.ed ,o the ptvo, 

„ , -a luois have a first end 246 and a second end 248. ine 
1 99 The two parallel sides 236,238 have a nrsi cnu 

30 operating hand,e 46 is ptvotafiy mounted ,0 ,be firs, end 246. The movab.e comae, 
arm 26 is pivo.a„y moun.ed ,0 ,he second end 248. Each of fire frame s.des 236,238 
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has the stop surface 56. As shown in Figure 2, the pi, 54 of .he — comae, ™ 
26 engages these s,op surfaces 56 in «he open posiiion of .he operanng ™~ 22. 

Figures 24-26 show an alternative U-link 252 and a correspondtng 
operatmg mechanism 254. Escep, for ,he addinon of .he Win* 252 in place of .he 

mechanism 22. The U-link 252 and the catch hnk 62 form a linkage 256. 
252 includes a pronusron 258, wi.h fire ,ab 230 of .he frame 52 engaging .he 
pmtnrsion 258 and s.opping movemen. of .he linkage 256 in .he open posHton (Ftgure 
6) . U m ik e t he U -link64„fFi g ure2>ep ro .ru si o„258ofmeU- li n k 252^ 

0 .he frame ,ab 230 and ,ops movemen, of .he Hnkage 256 in .he open posmon <F,gwe 
26) .hereby prevent.ng overtrave, of .he movable contact arm 26. The pro.rus.on 258 
2 biases the U-,mk 252 and .he catch link 62, ,n order tha, .hen the c rem, breaker 
is nipped, me links 62,252 collapse fine appropria.e way. Ofiterwise, if these hnks 
IJsethe wrong way „.e, an acu,e angle facng ,o ,he ngh, of F.gure 26), .herese, 

,5 lever 92 would not function properly. 

The sequence of dosing .he separable comae* 40 for the operanng 
mechanisms 22,254 ,s shown by fine .ransi.ion from Frgure 2 (the operanng handle 46 
and .he operating mechanisnr 22 both being in the corresponding open posmons), ,o 
Figure 3 (fine operating handle 46 being moved from the open position toward the 
20 closed position, and the operating mechanism 22 being in the open positron), to 
F.gure 4 (the operating handle 46 being move, relative), further toward .he losed 
potion, as shown jus, poor ,o .be closed posi.ion of ,he separable contacts 4 and 
us, poor ,o .he snap closed position of ,he opera,in S ha„d,e 46, and fine operahng 
mechanism 22 being in fire open position), to Figure 5 (the operanng handle 46, the 
25 separable contac.s 40 and fine operating mechamsm 22 all being in the closed 
posilion). 

The snap lever 94 of Figure 2 is bes, shown m Ftgure 27. 
Functionally, the snap lever 94 holds the movable contac, arm 26 in me open poshton 
„f,be separable con,ac,s 40 (Figures 2-4) and releases the movable contac. arm 26 
3„ (between Frgures 4 and 5) as the operaling handle 46 moves from the open postt.on 
(Figure 2) toward fine closed poshion (Figure 5) .hereof. This release post.ton ts 
snap Cosed position of the operating handle 46. When the operating handle 
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reaches thisposttton, the load of the ex.en.on sprtngs 1,6,, 8. s nta- 
Cose action. ,n particular, «he snap lever 94 inifiau, ho,ds the htdeage 60 ( F,^e 8) 
, n Cudi„g ,he U-,ink 64 for .he linkage 256 inching .he U-fink 252 of F.gure ), 
tn ereby holding .he movable contac, arm 26 in .he open positton of the se P arab,e 

5 con Js 40 Be.ween the posiuons of figures 4 and 5, .he snap lever 94 releases .he 
finkage 60, U-.ink 64 and movab,e con.ac. ann 26 as ,he opening handie 46 m „vea 
from he open position (figure 2) .oward the e>„sed position (Fignte 5) to the snap 
led posLn. S,nce theU-fink 252 and the operating mechanism 254 fnnctton ,n 
fte sante manner as the U-.tnk 64 and the operating mechantsm 22 in Costng the 

10 sepamble contacts 40, .he function of the snap ,ever 94 is the same for ho, h opena g 
mlanisms 22,254. The snap lever 94 may be emp.oved wtth any suttahle hnkage 

and operating mechanism . 

Referring to Figures 4, 5 and 27, the snap lever 94 ptvots on the 
frame/snap ,ever pin ,70. The snap lever 94 includes a firs, end 260 and a second en 
, 5 26 2 The ftrs, end 260 rests agatnst ,he frame 52 (par. of which is cu, away ,n Ftgures 
4 and 5 ,o show .he snap lever 94), in order .0 provide a spring force .o re.um the 
SM p lever 94 ,0 hold ,he U-,ink 64 (as shown in Figure 5). The snap lever second end 
2 62 includes a surface or cup 266. The U-fink 64 further has a knee poriton or deten, 
268 which is caplured by .he cup 266 (as shown in Ftgnre 3). In .he snap closed 
20 posU-on of the operattng handle 46 (between Ftgnres 4 and 5), surfaces 27 , (only one 
surface ,s shown) on the elongated anns ,20,122 of the operattng handle 
surfaces or shoulders 272 of the snap lever 94. ,n mm, the snap lever second end 
pivots elockw.se (with respect ,0 .he pin 1 70 of Figures 4 and 5, and the cup 266 
Leases the U-,ink detent 268, thereby permitting .he load of.be extenston snnngs 
25 ,1611 8, o drive the links 62,64 and, in turn, drive the movable contact am, 26 

carryng the movab.e contact 24 toward .he fixed con.ae, 28, in order to snap Cosed 
Jleplble contacts 40. As shown in Figure 5, the arms 120..22 also compress the 
snap lever 94, in order to avoid the U4ink 64 ,n the closed posthon. 

Figures 2, and 3 and 1 6 show the transition of the opera.mg 
30 mechanism 22 between the open posifion (Figure 2) and the capture position (Ftgures 
, and 1 6) of.be opera.ing mechanism 22. figure 28 stmilarly shows .he open 
posttion of the operating mechanism 254. The capture post.ion prepares the 
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corresponding operatmg mechanisms 22,254 for a subsequent snap close operahon. 
M ,he operating handle 46 is moved from the dosed position (Figure 5) to the open 
position (Figure 2, of the operat.ng mechanism 22, the U-lmk deten, 268 compresses 
(as shown in F.gure 2) the snap .ever second end 262 toward the snap lever firs, end 
5 260 (Figure 27, and the frame 52. Then, as the operating handle 46 moves from he 
open position (Figures 2 and 28) toward the closed posrfion (Figure 5), the U-l.nk 
derent 268 moves toward the snap lever cup 266, which captures such U-lmk deten. 
268 ,n the capture position (Figures 3 and 16) of the operating mechan.sm 22. 

The exemplary snap lever 94 of Figure 27 ,s preferably made of a 
, o resi.ien, material, such as spring steel, and is generally V-shaped with a firs, -» 

portion 274, a bend portion 276 and a second arm portion 278. The port.ons 274,278 
form a spring mechanism 280, wi,h ,he second arm portion 278 including me snap 
,ever surfaces 266,272. The firs, arm portion 274 includes a pair of sprrng 
mechan.sms, such as parallel arms 282,284, connected to the bend portion 276. The 
, 5 snap lever bend portion 276 is disposed a, about the pivo, pin ,70 (Figures 4 and 5), 
with ,he firs, and second ann porflons 274,278 disposed on oppos.te sides of suchptn. 

Figures 29-32 show an alternative independen, handle link 286 and 
operating mechanism 288 including a flexible can.i.ever lever 290, wh,ch is fixed 
within the case 292. The independen, handle link 286 has a projection 294, whrc 
20 engage, a firs, surface 296 of the flex.ble cantilever lever 290 and holds ,he nk 286 
in th e open posiuon of the operating mechanism 288. Although two identtca. hnks 
(only one is shown) 286 are employed in order ,o reduce component conn,, only one 
of the links 286 needs the projectton 294. As , he operating handle 46 moves 
clockwise (wi,h respect to F.gure 30) from the open position to the closed posttton, 
25 the flexible cantilever lever 290 flexes down (with respect ,o Figure 30) and releases 
,he projection 294 of the link 286. Hence, mis releases the link 286 and the hnks 
62 64 as the operating hand.e 46 moves the operafing mechanism 288 from me open 
position Oust prtor ,o F.gure 30) .oward the closed position (Figure 31) ,o ,he snap 
closed position (just after Figure 30). 
30 The flexible cantilever lever 290 delays motion of the independent 

handle link 286 and the linkage or collapsible toggle assembly 60 formed by the hnks 
62 64 This allows the extension springs 1 16 and 1 18 (as shown in Figure 16) to 
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position of .he operating mechamsm 288. Hence, ^ 

flextble cantilever lever 290 flexes an, leases the p ^ 

ha „d,e Hnx 286. The load of .he e_s spn gs 1 ,U8* 

Cose ac.ion, in order .ha. sueh springs drive the l.nkage 60 and drtve 

close actio , u„ ™ot»ct 24 toward the fixed contact 28. 

contact arm 26 carrying .he movable contact to ^ 

an mveried T -shape, with a base p-» - ^ a ^ ^ 

portion 300 extending wtthtn such case Th e . ^ ^ 

with the flrs. surface 296 and an oppostte second s,de wrth 

, 9X6 in the open position of the operating 

independent handle link 286 in the op p 

meopem^hand.e.moves.heopemtmgm^.^ ^^j^, 

cantilever lever 290 to deiorm u There will be, 

294 siides aiong .he stde 296 un.il i. ge-s .0 -he end surface ^ Th . w ^ 

R cferr,ng.oP, g ure32,eo„verse, y ,as.he„per,,ngha„d 1 e46mov. 

*nrl eventually releases the projection 

° fF,gUre2 ' s,„ce,heopera ti n g meeha„ism2 8 8does„o,emp,o y .here S ^ver92, 

broken s,a,e (no. shown) .0 .he unbroken s.a,e , ,g»e , MM£ « 
cantilever lever 290 is advantageously employed .o latch .he Itnks 62,6 



20 30. 
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sutoM y a«.hed to .he ntovable eontac, m 26 of ^ • ^ 
ma y include, for — a P— , ^ ^ Ha „ probe 

detail, it wffl be apptectated by those sk„ rf ^ 

a Hema,ives ,0 those details coold he developed ,„ * ^ ^ 

ilta s tt a.,ve only and no, hmt.tng as to he scop 

„. Ml bteadth of the claints appended and any and etpt 



